Introduction
Of the known regions in the ionosphere, the region shows the most erratic variations. Whereas the E and Fx regions show ionization maxima diurnally at noon, and seasonally in midsummer, in accordance with theory (Chapman 1931) , the F2 region on the other hand frequently shows diurnal ionization maxima both in the morning and afternoon, with a minimum near noon, while the seasonal variation shows maxima near the equinoxes and minima at both midsummer and midwinter. In addition to these un usual diurnal and seasonal variations, the region is particularly subject to disturbances, most of which tend to lower its maximum ionization density. Thus Appleton and Ingram (1935) have shown th at magnetic storms are frequently accompanied by a decrease in the F2 ionization, while Martyn, Munro, Higgs and Williams (1937) have found th at all bright hydrogen solar eruptions are accompanied by a reduction of the maximum ionization density.
In addition to these types of variation, Martyn and Pulley (1936) found some evidence th at the noon F2 ionization density correlated positively with the barometric pressure a t the ground.
We have now available 19 months'continuous observations, at half-hourly intervals or less, of the maximum ionization densities of the F2 region. It is the object of this paper to examine this material, to reject the days of magnetic and solar disturbances, and to see if the large variations found to remain in the residual observational material are associated with meteoro logical conditions.
In a subsequent paper the variations due to solar eruptions will be studied.
Meteorological changes and variations of ionization 299 2. Experimental methods
The observations were made at the Liverpool field station of the Radio Research Board, lat. 33° 55' S, long. 150° 59'E, and at the Commonwealth Solar Observatory, Canberra, lat. 35° 15'S, long. 149° 10'E. At the former site the observations were made by a method previously referred to (Martyn et al. 1937) . These observations were made near noon, and were particularly valuable in providing a sensitive indication of solar eruptive activity at times when the sky was overcast and spectrohelioscope observations impossible. At the latter site observations were made at half-hourly intervals by the automatic variable frequency radio pulse transmitting and receiving equip ment originally designed by Wood (1936) . This equipment records on 35 mm. cine-film the equivalent heights and penetration frequencies of the various regions of the ionosphere. The records obtained from this apparatus (here after calledP'-f, or equivalent path-frequency records) permit the evaluation of the maximum ionization densities in the various regions penetrated. Similar P '-f records were obtained by manual methods at Liverpool each day at noon.
The observations cover the period from 19 March 1937 to 31 October 1938.
Typical experimental results
Two typical P ' -fr ecords, obtained at noon respectively on 24 and 25 October 1938, are reproduced in figure 1 (plate 14). In these records the abscis sae give the frequency in megacycles per second, and the ordinates the equi valent heights of the reflecting regions. A height scale is superposed on the record at unit intervals on the frequency scale. The separation between each dot on these height scales corresponds to an equivalent path of 100 km. It is seen that the penetration frequency of the upper (ordinary) component of the F2 region echoes, which was about 8-3 Me./sec. on the 24th, has increased to 11-0 Me./sec. on the 25th. In other respects the two records appear similar in type to each other, as well as to the great majority of the thousands of such records which have been obtained. In particular they do not exhibit any of the peculiar characteristics associated with magnetic storms or solar eruptions, types which will be discussed elsewhere. The distribution of weather over Australia on these two days is shown in figures 2 and 3, which are tracings of the relevant features of the weather charts issued by the Commonwealth Meteorological Bureau. It is seen th a t while on the 24th an extensive cyclonic depression accompanied by widespread and heavy rainfall covered the whole of New South Wales, on the 25th (at 9 a.m.) the centre of this depression had passed eastwards into the Tasman Sea. The frequent occurrence of such daily variations in F2 ionization in association with this type of meteorological condition suggested the desirability of making the detailed analysis which is given in the next section. 
Analysis of results
The frequent occurrence of examples of ionization variation similar to th at described in the previous section have indicated a possible connexion between the ionization density in the region and the meteorological conditions at the ground. In the present section, 19 months' observations are analysed to see if this relationship can be substantiated. For this purpose the observational material was treated in the following way. The noon value of fp 2 -the maximum electron density in the F2 region is proportional to this quantity-was selected as the daily index of the maximum ionization density.
Days on which a magnetic storm occurred, or on which the P '-f records showed magnetic storm characteristics, were rejected. The total number of days rejected for this reason was 13.
The records obtained on days in which a solar eruption was occurring at noon were specially examined. As a rule the depression of critical frequency from this cause was small, being less than 0-5 Me./sec., and it was possible to obtain an interpolated noon value from the examination of the morning and afternoon values.
We may regard Australian weather as being controlled by a succession of anticyclones which pass from west to east in fairly regular succession. The track of the centres of these anticyclones passes, on the average, approxi mately at the latitude of our observing stations. In the transition zone between two such successive anticyclones, there is a region of relatively sudden discontinuity in the characteristics of the air. To the east of this frontal zone the air flow is from lower latitudes where it will have been warmed and possibly charged with water vapour. To the west of this zone the winds blow from higher latitudes and the air is generally colder and drier. In this main frontal zone the phenomena elucidated by Bjerknes and others occur; tongues of warm air intrude into the cold mass and warm and cold fronts and eventually cyclonic depressions may appear. The preliminary analysis suggested th at the F2 ionization would be found to be below the average amount on occasions when this main frontal zone passed through New South Wales.
For the purpose of this analysis the various days were divided into two classes. The first class contained those days on which a main front was present in the area included between lat. 29° S and lat. 36° S, and long. 140° E and long. 156° E. The second class contained those days when no front existed in this region.
Days in the first class are referred to below as " frontal" days; those in the second class are called " non-frontal ' ' days. The dates on which they occurred are shown in figure 4 as explained in the following section.
The days having been thus classified, the average monthly noon values of fp t were worked out for each class. The results are shown in tables 1 and 2, which give the values for Mount Stromlo and Liverpool (N.S.W.) respecttively. In the last column in each table is shown the difference between the monthly average noonin each class. It is seen th at with the exception of August 1937 and July and August 1938, the " non-frontal" days show a higher average value of /£* than the " frontal " days. The difference tends to be greatest about the months of March and October, when it amounts to about 20 % a t Stromlo and 11 % at Liverpool. The average difference over the whole period of observation is 11 % at Stromlo and 6 % at Liverpool. It is seen that the analysis of these 530 days confirms the view that a great, and probably the major part, of the day-to-day fluctuation of F2 ionization density is associated with meteorological changes at the ground.
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Comparison of Liverpool and Stromlo results
A comparison of tables 1 and 2 shows th a t the trend of the variations at Liverpool and Stromlo is similar but not identical. The principal difference is th at the m agnitude of the difference between " non-frontal" and " frontal" days is greater at Stromlo. This fact is at first sight so surprising, in view of the small difference in location of these two places, th at we have subjected it to special examination. The results are set out in figure 4. In the figure the " frontal" days are indicated by blocked-in squares. The unblocked squares on the same row are " non-frontal" days. there is a strong tendency for a significant difference to occur on a " frontal" day.
In table 3 such an occurrence is called a " H it", and the failure of such an occurrence a " Miss" . Over the whole period the percentage of " H its" recorded is 72. On a random distribution the anticipated percentage of " H its" would be 49. of the ionosphere are associated with meteorological changes at the ground. This surprising result is obviously difficult to explain theoretically. It seems clear th at the constitution of the atmosphere must change from day to day in the F2 region if these results are to be explained. At the same time the changes must occur rapidly, in a time measured in hours, in order th at the association with meteorological conditions should be maintained. There are obvious, and probably insuperable, difficulties in the way of an explanation in terms of convection, while the time necessary for any process of diffusion (even from the level of the ozone region upwards) is quite prohibitive. Another possibility to be considered is an explanation based on variations in radiation from the ground and from clouds. I t is known th at cloud amount varies greatly among types of meteorological classifications we have em ployed, and it is known that any radiation process would take effect in the F2 region in a time measured in minutes. It seems impossible, however, to conceive of any radiation which could appreciably affect the F2 region after traversing the upper troposphere and stratosphere. Ultra-violet radiation would be completely absorbed in these regions, visible radiation would be unabsorbed in the F2 region, and infra-red radiation could not appreciably affect the temperature.
A more probable source of explanation might be found in the variations of ozone amount, which are known to occur in the ozone region. While it seems unlikely th at appreciable amounts of ozone could exist in the F2 region itself on account of the high temperatures found there, yet changes in ozone amount at lower levels might permit changes in other constituents, notably water vapour, the products of which might find their way upwards by diffu sion. Here again the difficulty would appear to be the prohibitive time required for any diffusion process below 100 km. to be effective.
It appears that the most likely explanation may be that there exist largescale movements of air in the high atmosphere in parallel with the main air mass movements at low levels-that, for example, a large influx of tropical air at low levels is accompanied by an influx of air of special characteristics (probably high humidity and/or low ozone content) at the very high levels up to 250 km. The presence of water vapour, or its dissociation products, would be expected to have a pronounced effect on the electron density in the F2 region.
At present, however, any such theory would necessarily be highly specu lative. It appears highly desirable to study the effects described in this paper at a large number of locations. It is to be anticipated, for example, that the precise nature of the association may be different in different regions of the earth, and would depend on the peculiar meteorological features of each region. For example, it is already known (Lejay 1936) th at the association of ozone with meteorological conditions is of a different nature in Shanghai from th at obtaining in Europe. The difference is attributed by Lejay, prob ably rightly we believe, to the fact th at the Siberian anticyclone to the North affects the Shanghai ozone, while the Azores anticyclone to the South affects Western European ozone.
An important consequence of the results here described would appear to be th at the seasonal variation of ionization in the region over any region of the earth should be profoundly affected by climatic considerations. I t has been generally assumed until now th at the ionization would depend almost entirely on the strength of solar radiation, and so would depend only on latitude. On the other hand, the results of observations now being accumu lated from many parts of the world do not appear to support this view. It is found (Berkner and Wells 1938) th at the seasonal variation of F2 ionization at places of equal latitude in opposite hemispheres is entirely different.
It appears th at the results described in this paper provide an explanation of these anomalies. I t is almost a necessary consequence of the results th at the seasonal variations at any one location, and the differences in the seasonal variations at several locations of equal latitude, must be largely governed by climatic considerations.
which these values are affected by association with magnetic storms are excluded from the analysis. Large day-to-day fluctuations, amounting sometimes to 50 %, remain at each station. It is found th at these fluctuations are associated with meteorological changes observed at the ground. Over 19 months of daily observations it is found th at on days when the region between lat. 29° S and lat. 36° S, and long. 140° E and long. 156° E is free from " frontal" conditions, the values of F2 ionization are higher on the average by 6 % near Sydney and 11 % near Canberra than on other days. A similar difference is found in the averages for each month, except in August 1937 and July and August 1938, when a small negative difference occurs at each station. The difference is greatest in the equinoctial months when it amounts to about 20 % for Stromlo. It is found that while the values of ionization density measured at Sydney and Canberra are usually equal, there is a strong tendency for the Canberra values to be lower than the Sydney values on " frontal" days. This result is considered surprising, since the observing stations are only 250 km. apart.
The theoretical difficulties in the way of an explanation of the association here found between F2 ionization and meteorological conditions cussed.
It is pointed out that the results suggest th at current views concerning the seasonal variation of F2 ionization in various regions of the earth may require revision. The current view regards the F2 region ionization as normally in fluenced solely by the intensity of solar radiation, thus depending in magni tude solely on latitude. The results here presented suggest that local climatological factors may exert a profound influence on the magnitude, and on the seasonal and diurnal variations of F2 ionization.
